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(54) Heat exchange assembly and relative process and production plant 

(57) Heat exchange assembly and relative process 
and production plant, of the type in which it is used: 



a plate evaporator (1), with evaporation duct (1'-r- 
1") obtained between two metallic metal-sheets 
welded one with the other, that with an outward duct 
(A) and a return duct (R) debouches into a mouth 
collector coupling sleeve(12) in a con'esponding 
junction area (13'); 

a freezing circuit coaxial tubular system (3.4,5), 
having an external return tube (3) and an internal 
delivery capillary tubule (5), in which said capillary 
tubule (5) protrudes over said return tube end (3), 
where said tubular system is mouthed within said 
mouth collector coupling sleeve (1 2} of the evapora- 
tor (1). while said capillary tubule (5) debouches 
freely and is there damped (11) within said delivery 
duct branch (1*) of said evaporator (1) obtruding the 
non-return external passage, having the character- 
istic of avoiding the traditional welding operation 
allowing a substantially automatized production. 
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Description 

The present invention has for object an heat 
exchange assembly and relative process and produc- 
tion plant. 

The invention finds particular even if not exclusive 
application in the industrial and domestic refrigerators 
as for example the evaporators and their component 
parts. 

In prior art it is known that the main component of 
the freezing circuit refrigerator is the evaporator, that is 
a part of the circuit in which the cooling fluid (Eg. freon, 
iso-butane R600. R134A, and other equivalent fluids) 
expands. The freezing fluid is first compressed by a 
compressor and after having passed through an exter- 
nal heat exchanger acting as condenser, it is sent into 
said evaporator by a capillary tube. 

The capillary tube generally conveys the com- 
pressed cooling fluid practically in a liquid form to the 
evaporator. This fluid, coming out free in the evaporator 
expands and becomes gaseous subtracting calories 
and therefore cooling the surrounding area. 

This is due to the known law of flukJ mechanics 
PVsRTsconstant , where P Indicates the pressure of 
the fluid, V indicates its volume. T indicates the absolute 
temperature e-273 C and R is a constant. 

On the base of the aforementioned formula it is 
therefore known that for reducing the pressure the vol- 
ume must be Increased or viceversa, that is said com- 
pressed cooling fluid that comes out from the capillary 
tubule must be let free to expand and in this way the 
cooling is obtained. 

This expansion takes place on the inside of a duct 
made in said evaporator whose name comes from the 
fad that when the cooling fluid Is compressed in the 
capillary it is substantially liquid and when comes out of 
it, because of its free expansion, vaporizes immediately 
and expands subtracting heat to the evaporator walls 
that for such reason cool the surrounding environment 
of the refrigerating box 

The cooling fluid circulates therefore freely in the 
evaporator and then is re-sucked by the compressor by 
means of a return duct . 

By means of the compressor, that is external to the 
refrigerator box. the gaseous cooling fluid is com- 
pressed again. 

The compression involves a considerable increase 
of the cooling fluid temperature, wherefore it is forced to 
pass by previous passing to a finned coll tubular con- 
denser, placed on the outside of the refrigerating box, 
generally on the back side of the refrigerator. 

The finned condenser yiekJs heat to the environ- 
ment air and cools, the cooling causes the condensa- 
tion of the compressed gas, making it liquefy, for such 
reason this external heat exchanger is called con- 
denser. 

The compressed liquid cooling fluid, then passes 
into a tubule having very short diameter that is called 
capillary tube, which as mentioned debouches into the 



evaporator. 

The cycle is repeated with closed circuit and the 
cooling continues. 

For reducing the costs of the cooling circuit, it is 
5 generally used a single coaxial duct, that is: 

a return tube of the cooling fluid in gaseous form 
from the evaporator (which has an internal diameter 
substantially wider than the external diameter of 

10 said capillary tube), and 

said capillary tube (having a very small diameter if 
compared to the first one), coming directly from the 
condenser, that is internally connected into the 
return tube and the assembly is sent to the evapo- 

15 rator which is placed Inside the refrigerator box. 

The reasons for including said capillary tube, within 
the return tube, are thus suggested: 

20 - both for efficiency reasons for furtherly cooling the 
capillary with the return cooling fluid coming still 
coM from the evaporator; 

and for economy technological constructive rea- 
sons as with such system only one tube must be 
25 welded to the evaporator. 

For obtaining this result though it is necessary to 
obtain an absolutely airtight closed circuit, not in contact 
with the air and without leaks, wherefore, the evaporator 

30 has a circuit also dosed only on one single mouth as a 
collector, where It Is directly branched with an out- 
ward duct, generally rectilinear respect to the mouth 
shaped as collector coupling sleeve, and a return duct, 
generally at 90 degrees respect to the first one and in 

35 proximity of sakJ mouth, where it will be fitted and wilt be 
provided for the weteJing of the coaxial pipe that leads to 
the condenser and compressor. 

The welding of said coaxial tube takes place so 
that: 

40 

the external retum tube is Immediately wekJed at 
the entry, within the respective mouth collector cou- 
pling sleeve, allowing ^e free connection with the 
evaporator return duct, while 
45 the capillary tubule extends over said retum duct 
until it connects into said evaporator outward duct. 

Between the outside of the capillary tubule and the 
Inside of the outward duct there must be no communica- 
so tion, othenvise the closed circuit wouki not be obtained, 
wherefore the connection is carried out in the following 

phases: 

the part around the end of the capillary tube must 
55 be f Died with a sealing paste; 

the retum tube must be engaged with the respec- 
tive projecting capillary tube, within the mouth in the 
coupling sleeve of the evaporator collector, so that 
the paste of the capillary end goes to ok)struct the 
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part around the delivery branch; 

a first section of the outward branch of the evapora- 
tor must be caulked, that is it must be squeezed so 
that this squeezing, together with said sealing 
paste, obstructs completely the aback opening of 
the external part of said capillary tube (in this way 
the capillary tube will directly debouche only into 
the outward duct of the evaporator and the cooling 
fluid will be able to expand only within said outward 
duct as evaporation duct). 

The cooling fluid is forced to flow along all the circuit 
provided in the evaporator (circuit that provides a con- 
siderable volume inaease) and will retum back after 
having flown through all the circuit of the evaporator, 
through the return duct annularly entering on the out- 
side of said capillary tubule and on the inside of said 
return tube. 

the outside of said return tube must be welded on 
said coupling sleeve of the collector mouth duct, by 
braze welding or by weld material in inert gas (system 
T.I.G.), in order to have a perfect sealing. 

Advantageously, the evaporator is made: 

Long ago by a welding which joined two aluminium 
sheets having an alloy sheet interposed and sub- 
jected to temperature; at least one of those sheets 
was pre-shaped for supplying between each other 
the wished freezing circuit for the cooling fluid evap- 
oration . 

In the prior art, the evaporator plate is made by cou- 
pling, by means of a rolling process, two or more layers 
of aluminium alloy strips according to the "Roll Bond" 
technique. Con^espondingly to the internal surfaces of 
the layers it is obtained, by silk-screen processing, the 
circuit that will receive the refrigerating fluid and that, 
practically, represents in the rolling phase a solution of 
continuity among the layers allowing their detachment 
at the desired height, by means of a following inflating 
action. 

As said, the piping of the freezing circuit is an 
assembly of a connecting tube between the evaporator 
and the rest of the refrigerating circuit and may be made 
in aluminium and copper with a bimetallic junction of the 
traditional type (resistance or flash made) and a coaxial 
capillary that acts as rolling valve for the cooling fluid. 

The above mentioned operation is extremely conrv 
plex and expensive. 

In particular it was noticed that complexity and 
costs are substantially due to the last brazing or welding 
phase where weld material in inert environment is used. 

In fact due to the complexity of the system, this 
welding operation cannot be carried out mechanically or 
automatically, but only manually, and in particular it is 
not even possible a low cost robotization. 

The cause thereof is due to the continuous chang- 
ing of evaporator shapes and of the coupling positions 
of the freezing circuit coaxial tube. 



4 

At the beginning were used brazing systems which 
used an alloy with very high silver content (therefore 
extremely expensive) with a manual quill traditional sys- 
tem, 

5 This technique of using silver alloys was required: 

both for the need of maintaining the brazing tem- 
perature low; 

• and for making possible a maximum penetration tor 
10 the capillarity principle, of the melted alloy in the 
interstice or interspace between the outside of the 
return tube and the mouth collector coupling sleeve 
of the evaporator. 

IS When expensive high quality alloys in silver, cop- 
per, zinc, and other metals were not used, the results 
obtained from the wekiing were poor: 

both for the need of increasing the welding temper- 
20 ature with an easy deoxidant evaporation and 

therefore an easy formation of aluminium oxide that 
as a matter of fact prevented the welding of metals; 
and for the alloy reduced fluidity. 

25 Nowadays it Is generally used an electric arc wekJ- 
ing with tungsten electrodes and inert gas weld material 
known as Tl.G. system (Tungsten Inert Gas). 

But also this solution has high qualitative limits, par- 
ticularly for its manuality that involves changes and 

30 therefae a defective welding risk, for example in the oxi- 
dation of the surfaces to be wekled or in the incomplete 
accuracy during the welding process. 

These operations, must be candied out manually by 
a single operator, and this prevents a mechanization at 

35 acceptable costs. 

The system is also dangerous because it forces the 
operator to work in presence of electromagnetic waves 
and in a toxic environment, wherefore requires the use 
of screening elements and the presence of suitable ven- 

40 tilation and suction systems. 

A further problem derives additionally from that, as 
it is known, the welding areas, have always chemical- 
physical-mechanical characteristics different if com- 
pared to the two welded elements. 

45 In fact the weMing areas are known 

as possible areas for conrosions and crackings This 
is taught not only by technique but also and above 
all by experience. See for example the technique of 
so tiie aeronautical constructions where nowadays riv- 
eting is still used for joining the light alloy elements 
(metal-sheets) in place of welding. 

This is obvious particularly in the case of continu- 
55 ous dynamic stresses, that can exactiy cause cracks 
and fissures which bring to a final breakage. 

Now it is known that even if indirectly also said 
coaxial tube is subjected to continuous vibrations 
exerted by tiie compressor, that somehow are transmit- 
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ted. even if reduced, also to the welding area and to the 
evaporator, with breakage risl^ in the long run. 

Latx)ratory tests in such field have widely demon- 
strated what stated above. 

The weldings nrust be made with great accuracy 
and the welding area must be very enlarged with a con- 
siderable amount of weld material, this involves not only 
a material consumption beyond what is strictly neces- 
sary for the welding itself, but also a worsening of the 
aesthetic aspect. 

Also the eventual external cleaning of the same 
welding is expensive. 

Purpose of the present invention 

The purpose of this invention is to avoid the above- 
mentioned drawbacks and make possible: 

not only the full mechanizing of the evaporators pro- 
duction, getting over the manual welding problems 
explained above, 

but also the supplying of a product with better qual- 
ities and performance, that is regarding the whole 
product or at least the area that involves said wekJ- 
ing; 

and this with possibly lower costs. 

This and other purposes are obtained as claimed 
by means of a new process for the production of heat 
exchangers and their parts, of the type In v\^ich pipes 
are used, in which It Is provided at least one male and 
female connector for assembling one or more parts of 
the exchanger circuit, characterised in that it is carried 
out as follows: 

said connectors have a tagging or final coupling 
connection such to make adhere the end surface of 
the respective male part respect to the internal sur- 
face of the female part, to prevent the substantial 
passing of the melted metal over said connection; 
it is used a tank with melted metal bath compatit)le 
for binding closely with the metallic material that 
makes up the assembly. 

after having carried out the connections for obtain- 
ing an assembly or pre-assembly, the evaporator 
group thus pre-assembled or at least the connec- 
tion zones are heated at a temperature lower than 
the melting and in any case deformation tempera- 
ture of said pre-assembly, 
said assembly or pre-assembly is immerged. fully 
or at least for the part concerned with the junction 
area of said connections, in said melted metal bath, 
having a fluidity and capillarity index such to allow, 
in function of the temperature, to penetrate in the 
interspace betwe^ the male and female elements 
of said connections, 

said evaporator group is taken out from said bath 
for the respective cooling. 



Advantages of the invention 

In this way the production system may be fully 
mechanized because said assembly or pre^assenri)ly 

5 as for example the evaporators groups can be conveyed 
in continuous advancing oc pitch line, therefore in con- 
tinuous cycle. 

And the above mentioned occurring in a fully auto- 
matic way without need for operators, being the shape 

10 of the evaporator or the position or width or shape and 
number of the connections independent. 

Furthermore, in this way in one single operation are 
provided all the weldings, also of more connections, 
simultaneously. 

75 The costs are therefore sensitiv^y reduced. 

The resulting advantages are enormous and such 
to fully justify the very important technological innova- 
tion, that even using technologically widely known 
knowledges, is able to combine them in way up to now 

20 unthought with immediate consequences both on the 
qualitative production and cost and security having no 
more need for manpower. 

In other words the metal bath replaces the neces- 
sity for welding or brazing, as the connections are 

25 closely blocked by melted metal penetration within 
them, which provides a similar and even better perform- 
ance. 

In fact said metallic bath, not only allows the metal 
to penetrate by capillarity among the male and female 
30 elements of the connections, but also forms an external 
protection superficial coating layer. 

In fact it is known that in case of bi-metallic pipes 
(part of the pipe in aluminium and part in copper), are 
generated some galvanic cun'ents that cause con'osion. 
35 The passivation therefore provides not only the advan- 
tage of the superficial protectk)n against the wear but 
also a suitable protection against corrosion. 

The evaporator then will be easily be subjected to 
further varnishing, with the advantage that at least in the 
40 welding area (or in all the evaporator if fully immerged in 
the metallic bath) will have a double protective layer 
against wear and oxidation-corrosion. 

Advantageously the evaporator utilized and said 
return tube are in aluminium or aluminium alloy and said 
45 melted metal is a substantially zinc and aluminium alloy. 
The alloy Includes 95% Zinc more or less 5% and 
Aluminium giving both fluidity and compatibility at a low 
suitable temperature. 

And the heating of the melted bath happens prefer- 
50 ably on the inside of a distance between 420 and 460° 
C, where the alloy has an optimal fluidity. 

In this way a very strong bond and penetration of 
the metal is obtained for blocking the male-female con- 
nectors junctions. 
55 As rwch advantageously said evaporator group is 
preheated before of the immersion in said melted metal 
bath, to a temperature at least 10-15 ''C higher respect 
to the bait) temperature. In this way it is ensured a max- 
imum penetration capillarity of the metal between said 
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mouth collector coupling sleeve and the return tube. 

As much advantageously, to avoid the danger of 
hindering the amalgamation of the melted metal with 
the internal surface of the mouth collector coupling 
sleeve and the external surfece of said return tube, said s 
melted metal is subjected to ultrasounds, so that the 
ultrasonic vibrations, favour the detachment of the oxide 
coating from the bathed surfaces, allowing a better 
close contact. 

Advantageously the bath will have a vertical axial 10 

direction. 

In this way there is not only the advantage of bath- 
ing the junction area that advantageously may be pro- 
jecting, but there will also be the advantage of allowing 
the oxides present in the interspace junction of coupling is 
sleeve and mouth collector of the return tube, to detach 
by floating or be pushed towards the above tube-beat 
annular iDottom in the collector, favouring also an 
obstruction 6t said interspace and preventing the metal 
to pass on the inside of the outward and return ducts of 20 
the evaporator. 

Furthermore the oxides that detach externally in the 
metallic bath can be skimmed because floating periodi- 
cally from said bath, being thus able to fully utilize the 
melted metal with a minimum loss. 25 

As by taking the evaporator group out of the bath it 
may occur a metal dripping that will cool on the surface 
leaving the spatter, this can be avokled by a suitable air 
jet. 

These and other advantages will appear by the fbl- so 
lowing description of a prefen-ed embodiment solution 
with the help of the enclosed drawings whose details 
are not to be considered limitative but only supplied as 
an example. 

Figure 1 is a view of the pre-assembled evaporator 35 
group . 

Figure 2 is an enlarged partial section view of the 
junction area within said mouth coupling sleeve of the 
freezing circuit pipe with the evaporator. 

Figure 3 is a schematic view of the possible mech- 40 
anization of the evaporator group production plant, in 
the phase where the pipe of the freezing circuit is fixed 
in the evaporator plate, in which it is shown that both 
connections (pipe-pipe and pipe-evaporator) are 
immerged in the bath and therefore simultaneously 45 
sealed, that is welded by the melted bath. 

Figure 4 represents again the junction area sche- 
matically enlarged. 

Figure 5 is a schematic sectional view of the con- 
nection area in the pipe of the freezing circuit in corre- 
spondence of the branch with the capillary tube coming 
out. 

Figure 6 represents a section schematic plan view 
of the connection of Fig. 5. 

Figure 7 represents a section schematic plan view ss 
of the connection of Rg.5, as variation of the solution of 
Fig.6, in the configuration of the return tube male end 
portion, by undulation that forms some grooves in the 
connection area that favour the penetration of the 



melted material (obviously said undulations or grooves 
could be alternatively made in the female part, tiiat is in 
the external coupling sleeve). 

With reference to the Figures it can be noticed that 
on 1 is shown the evaporator plate, which, as said is 
obtained by the junction of two metal-sheets shaped in 
order to form a single assembly (roll bond) with the 
evaporation circuit 1 ' that branches from a mouth collec- 
tor coupling sleeve 12 which has an outgoing "A" and a 
return after full expansion in a large evaporation 
surface (1"). 

To the evaporator plate is connected in said mouth 
collector coupling sleeve said freezing circuit pipe that 
includes a return tube 3 and a capillary tubule 5 which is 
placed inside of the return tube 3, and projects from it, 
for proceeding within tiie evaporator delivery duct V, 
where it is clamped by the caulking 11 of the outward 
duct that forms by means of a sealing paste a sealing 
around the capillary tube, allowing the outftow only in 
the outward duct. 

The return tube 3 Is fully fitted In said coupling 
sleeve 12 where It connects in close contact, allowing 
the outflow of the cooling fluid gas annularty outside of 
the capillary tube (5) and inside of the return tube 3. 

At a certain distance in length of the return tube 3+ 
capillary tube 5 pipe, there is a wekJing krwt. generally 
glass-like (4), where the two tubes are disjoined (3) and 
(5) to be, when assembled in the refrigerator box, 
brought externally to the refrigerating cell . 

The evaporator plate is generally rectangular and is 
supplied flat or slightly pre-bent to the refrigerators 
industry to ease the complete bending. 

The pipe 3+5 welded to the evaporator is conven- 
ientiy put alongside to the evaporator plate and the free 
capillary is rolled up, as clearly shown in figures 1 and 3. 

This is obviously done for technical reasons of 
encumbrances reduction, in order to ease the moving 
and packing. 

According to tiie invention, on a continuous con- 
veyor "C" are hung the pre-assembled evaporator 
groups E (1+3+5) as from Fig.1. 

These evaporators are first forced to pass in a pre- 
heating station (for exanple heating tunnel TO where is 
preheated the junction area 13' that suitably projects 
respect to the lower board of the evaporator plate 13. 

The heating takes place at a temperature at least 
10-15'' higher if compared to the Aluminium-zinc metal- 
lic alloy bath (B). 

After the pre-heating. the conveyor (C) conveys the 
evaporator group (E) directiy in partial or total immer- 
sion within the melted metal batii (B). 

The running continues and the evaporator comes 
out of the bath. An air jet not shown will take the metal 
drops and favour a quick solidif ication. 

At tills point the evaporator group is ready to be 
conveyed to the final assembly for obtaining the refriger- 
ator without further processings, or it will be conveyed to 
a following varnishing station. 

AdN^uitageously as saki: 
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• during the immersion the assennbly will be sub- 
jected to ultrasonic vibration. 

In this way. the sur^ce oxide will flake and will tend 
to float on the bath favouring the deep adherence of the 
metallic alloy both on the surface of the evaporator and 
on the surface of the pipe concerned. 

Periodically the slag floating on the bath (B) will be 
removed by skimming. 

As the coupling sleeve-like junction will be vertically 
placed downwards, the oxide slag will be thrust upwards 
by the pressure of the melted metal, and will annularly 
accumulate along the coupling narrowing (6) supplying 
a natural plug against the danger that the melted metal 
transude within the delivery and return ducts inside of 
the evaporator. 

In the figure the junction area (13**) has been cre- 
ated projecting respect to the lower edge (13). but it is 
also possible not to have this projecting element 1 3' and 
that one part of the evaporator or even the entire evap- 
orator is immerged in order to supply a further protec- 
tion coating (operation much more expensive but that 
woukj supply an evaporator with a higher resistance to 
con-osion and wear). 

The junction area n^y also be displaced on a cor- 
ner of the e^^aporator and this one in such a case will be 
hung diagonallly tilted, so that profusions will not be 
necessary and the immerged part can be minimum. 

Obviously the pipe may be of aluminium and its 
alloys or of copper and Its alloys. In fact the coating due 
to the metallic bath involves a passivation of the con- 
nection subjected to galvanic corrosion, particularly 
more dangerous when there are different metals (ie. 
Aluminium with Copper). 

Also the respective branch 4 can be subjected to 
saki bath giving also In it the same sealing by using the 
same technique of what described above. 

In such a case the immersion of Fig.3, shall provide 
that also the branch portion (4) is immerged. prearrang- 
ing the pipe alongside the evaporator plate in a different 
way. or also immerging more the whole evaporator 
group. 

In Figure 7 is shown a convenient variation to the 
connection, by shaping the return tube (3 and 3*) inter- 
nal to the coupling sleeve (4). This favours the penetra- 
tion of the melted alloy. 

The solution of figure 5 represents the connection 
of two return tubes 3 and 3' with the outgoing of the cap- 
illary tube 5, the whole encapsulated by the giass-like 
coupling sleeve 4. Thus the return tube 3 is in alumin- 
ium and its protrusion 3' is conveniently in copper. 

It is any way clear that only one return tube 3 
entirely in aluminium can be used, with lateral hole for 
the outgoing of the capillary tube (5). the whole encap- 
sulated by the glass-like coupling sleeve (4). 

Alternatively the coupling sleeve 4 could also be 
eliminated and obtained by shaping by the widening of 
the evaporator return tube mouth (3) and by inserting in 
it the return extension (3), thus the coupling sleeve (4) 



would be integral part of the first return tube section (3). 

Advantageously to favour the penetration of the 
melted metal within saki collector coMplIng sleeve, a lat- 
eral holing on said collector coupling sleeve may be pro- 
5 vided. 

In such case this breathing will favour the penetra- 
tion of the metal, said breathing being able to have such 
a value that it automatically obstructs at the extraction 
from said bath by capillarity and following sdkJrf Ication. 

10 The use of the ultrasonic technology for the assem- 
bling of tiie evaporator group, involves, besides a reduc- 
tion of the number of connecting points, also the 
possibility to avokJ using deoxklizing substances with 
the consequent certainty of the Internal cleanness of 

15 tile circuit and with a general improvement of the envi- 
ronmental operative conditions. 

TTie project and the geometric preparation of the 
connection before prearranging the plant, will guarantee 
repetitiveness. 

20 TTie realization of an Interlocking system made up 
of a numerical control rototranslator, allows to Main an 
In- process indirect control on the steadiness of ttie 
characteristics. 

Additionally the same ultrasonic wekiing typology 
25 allows to determine priorly tiie process parameters and 
ensure with their steadiness the repetition of the result 
making it independent from the operator's ability. 

The geometry of tiie junction on the panel is prede- 
termined by a tool able to create the suitable seat for 
30 receiving tiie exchanger tube and preventing tiie possi- 
ble obstruction of the connection. 
The processing steps: 

The first phase consists in connecting the pipe end 
35 of the freezing circuit within tiie nrauth collector 
coupling sleeve (whose seat will be pre-calibrated) 
of the evaporator plate, by inserting the first one 
inside of a pre-calibrated seat . 
The second phase provides the pre-heating of the 
40 panel-pipe assembly of tiie freezing circuit at a tem- 
perature lO-IS"" C higher tiian the melting point of 
the welding alloy. 

The third phase consists in immerging the pre- 
heated assembly into a Zinc and Aluminium melted 
45 alloy bath. 

After some seconds during which the exchanger 
tube -panel assembly adapts in the alloy, the action of 
the ultrasounds begins subjecting the whole assembly 

so to molecular vibratbns. 

The cavitation brought t>y tiie ultrasonic excitation 
of the melted alloy removes the oxides from tiie sub- 
merged metallic surfaces favouring the amalgamation 
of the melted alloy witii the melted metal. 

55 The combination between the main pressure of tiie 
lk)uid alloy caused by the joining of the assembly that is 
immerged in melted altoy and the ultrasonic vibration 
makes the alloy penetrate and fill the cavities between 
the two parts to be joined, pushing the oxide upwards. 
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Part of the oxides dissipate into the melted alloy, 
and subsequently will float on surface, from where will 
be easily renfK)ved. 

When they are out of the bath a cleaning phase and 
control may be provided with possible removal of the 
alloy residues and the following functional test. 

the pipe of the freezing circuit can be sealed in the 
same phase or even in preventive phase as far as con- 
cerns the deviation knot 4 with similar technique. 

Claims 

1. Process for the production of heat exchangers, of 
the type in which for the making of the e»;hanger is 
used an assembly or pre-assemtsly having at least 
one connection (5-3-12-13* / 3'-3-4-5) for assem- 
bling one or more parts of the male and female 
exchanger circuit (3-4-5), characterised in proceed- 
ing as follows: 

said male and female connectors (5-3-12-13* / 
3*-3-4-5) are structured with a tagging or final 
coupling connection such to bring in adherence 
the end surface of the respective male part (3- 
3* / 5) respect to the internal surface of the 
female part (4 / 12), to prevent the substantial 
passing of the melted metal beyorxi said con- 
nection; 

it is utilized a tank with melted metal bath (B) 
suitable for binding closely with the metallic 
material which forms the metal parts of the ele- 
ments to be joined, 

after having made the connections to obtain at 
least one assembly or pre-assenrtbly. the 
assembly thus pre-assembled or at least the 
connection area/s concerned (4, 13') Is heated 
at a temperature substantially lower than the 
melting temperature and in any way of defor- 
mation of said assembly or pre-assembly, and 
said assembly or pre-assembly is immerged. 
fully or at least for the part concerning the junc- 
tion area of said connection/s, in said melted 
metal bath, having a fluidity and a capillarity 
index such to allow, in function of temperature 
and capillarity index, to penetrate in the inter- 
space among the male (3-3* / 5) and female (4 
/ 12) of said connection/s, 
said assembly or pre-assembly is taken out of 
said bath for the respective cooling. 

2. Process according to claim 1 . , characterised in that 
during said immersion (E-B) said melted metal bath 
is subjected to vibration action. 

3. Process according to claim 1 . , characterised in that 
during said Immersion (E-B) said melted metal bath 
is subjected to vibration action by ultrasounds. 

4. Process according to the previous claims, charac- 
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terised in that when it comes out of said bath (B) the 
part of said assembly or pre-assembly concerned 
with the bath (E) is subjected to an air jet 

5 5. Process according to any one of the previous 
daims. characterised in that said pre-heating phase 
consists in bringing said assembly or pre-assembly 
(E) or its part concemed with the bath, to a temper- 
ature of 10-15 ® Centigrades higher than the tem- 

10 perature of said bath (B). 

6. Process according to the previous daims. charac- 
terised in that the male part or the female part of 
said connection provides tongitudinal grooves (N) 

75 to ease the penetration of the melted metal in said 
bath (B). 

7. Process according to the pervious daims, charac- 
terised in that the female part of said connection 

20 provides at least one transversal holing to ease the 
penetration of the melted metal in said bath (B). 

8. Process according to the previous daims. charac- 
terised in that said melted metal in said bath con- 

25 tains aluminium. 

9. Process according to the previous daims, charac- 
terised in that said melted metal in said bath con- 
tains zinc. 

30 

10. Process according to the previous daims, charac- 
terised in that said melted metal in said bath is a 
zinc-aluminium based alloy. 

ss 11. Process according to the previous daims, charac- 
terised in that said melted metal in said bath is a 
substantially 95% zinc and 5% aluminium based 
alloy and the bath is brought to a temperature 
around 435''C. 

40 

12. Process according to any one of the previous 

daims, characterised in that said pre-assembly is 
an heat exchange circuit pipe (3,4.5). 

45 13. Process according to any one of the previous 
daims. characterised in that said assenrMy is an 
evaporator group (1,2.3.4,5). 

14. Process according to any one of the previous 
50 daims. chcuacterised in that said asserrbly is an 
evaporator group (1.2,3,4.5) in which sinuHane- 
ousty all the respective connections are sealed 
(2,3) in a single immersion phase. 

« 

55 1& Plant for the production of heat exchangers accord- 
ing to the process as in previous daims, character- 
ised in that it comprises at least one melted metal 
tank (B) for immerging at least in part a pre-assem- 
bled evaporator group with the pre-assembled parts 
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not welded. 

16. Plant according to claim 12, characterised in that 
said melted metal tank (B) contains a zinc-alumin- 
ium alloy. 5 

17. Plant according to claim 12, characterised in that 
said melted metal tank (B) contains a zinc-alumin- 
ium alloy with about 95% zinc. 

10 

18. Plant according to claim 12, characterised in that 
said melted metal tank (B) is connected to a vibra- 
tory apparatus for the melted metal. 

19. Plant according to claim 12, characterised in that is 
said melted metal tank (B) is connected to a vibra- 
tory apparatus for the melted metal by ultrasounds. 

20. Plant according to the previous claims, character- 
ised in that at the beginning of said melted metal 20 
tank (B) is installed a pre-heating system (T) of said 
pre-assembled groups (E) for heating at least their 
connection junction parts (4,13'). 

21. Plant according to the previous claims, character- 25 
ised in that said pre-assembled groups (E) are 
hung and placed in advancement on continuous 
conveyor (C), which provides: 

- a tunnel or preheating station (T) and inunedi- so 
ately at the beginning of said tank (B) and 
over said tank (B) a lowering of the conveying 
advancement line (C) for the automatic immer- 
sion at least partial, during the advancement of 
said pre-assent>led / assembled groups. ss 

22. Plant according to the previous claims, character- 
ised in that it provides on the inside in exit from said 
bath (B) air jets to be directed over the wet surface 

of said evaporators groups (E). 40 

23. Evaporator group obtained by the process accord- 
ing to the previuos claims, of the type that includes 
an evaporator plate in aluminium or its alloys, to 
which It is connected in a corresponding junction 45 
area (1"). a metallic pipe (3) of freezing circuit 
(3,4,5), in a conesponding mouth collector coupling 
sleeve (12) of the evaporation circuit (V.V'.r') of 
said evaporator (1), characterised in that: 

50 

the extemal surface at least of said junction 
area is covered by a melted metal layer made 
adherent by immersion; 
the interspace of said connection (3-12) is 
sealed by penetration of the same melted 55 
metal that coats the surrounding external area. 

24. Evaporator group obtained by the process accord- 
ing to the previous claims, characterised in that said 



junction area is projecting (13*) respect to the edge 
(13) of the evaporator plate (1). 

25. Evaporator group according to the claims 21,22 
characterised in that said junction area (13*) is 
placed in a corner of the evaporator plate (1). 

26. Evaporator group obtained by the process accord- 
ing to the previous claims, characterised in being 
entirely coated by a melted metal protection layer 
made adherent by immersion (B). 

27. Evaporator group obtained by the process accord- 
ing to the previous claims, characterised in that it 
comprises a second connection (4) of said pipe of 
the freezing circuit (3-3'-5). which, intended for 
making the respective capillary tube come out (5) 
from said return tube (3), is also sealed and coated 
by immersion in said mehed metal bath (B). 

28. Evaporator group obtained by the process accord- 
ing to the previous claims, characterised in that the 
freezing circuit pipe (3-3'-4-5). provkies the use of 
only one metallic material such as Aluminium or 
Aluminium alloy substantially of the same material 
of the evaporator. 

29. Evaporator group obtained by the process accord- 
ing to the previous claims, characterised in that the 
coupling sleeve (4) of a second connection (3-3*-4- 
5), is eliminated and replaced with the respective 
sleeve-tike enlargement of the respective evapora- 
tor return tube (3). 

30. Evaporator group obtained by the process accord- 
ing to the previous claims, characterised in that saki 
connections provide a shaping of the male or 
female part with grooves (N). 

31. Evaporator group obtained by the process accord- 
ing to the previous claims, characterised in that said 
exchanger circuit pipe (3-3'-4-5), provides the use 
only of one integral return tube (3-3*), without junc- 
tions, that uses a glass-like coupling sleeve (4) that 
allows said capillary tube to come out (5) of sakJ 
return tube, encapsulating it and filled out with 
melted metal in said bath (B). 
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